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Abstract In this state of the art paper, the clinical and 
diagnostic features of cerebral arteriovenous malfor­
mation (AVM) in childhood are outlined and special 
attention is paid to the treatment. Several options exists 
for the treatment of an AVM, consisting of surgery, 
endovascular embolization, stereotactic radiosurgery, or 
a combination of these treatments.
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Introduction
thrombosis and subsequent recanalization may occur 
spontaneously, accounting for the decrease or increase 
of the AVM in size [6, 50].
About 10% of brain AVMs are located in the fossa 
posterior, 5%-10% are in the midline, the remaining 
number occurring within the supratentorial compart­
ment lateralized to one hemisphere [4, 8, 9, 25-27, 37, 
38, 45, 46]. They can be superficial, surfacing within the 
cortex or buried deeply in the brain. Multiple AVMs in 
the paediatric population are found in approximately 
17% of the overall series [9, 20]. The incidence of cere­
bral AVMs in childhood is expected to be 1 per 100,000 
children, of which 12%-18% of the AVMs become 
symptomatic during the childhood [9, 21, 22, 38].
Arteriovenous malformations (AVMs) of the brain in 
childhood are part of a group of congenital vascular 
malformations. AVMs are considered high flow lesions 
and consist of a mass of arteries and arterialized veins 
fed from the carotid or vertebrobasilar system. Histo­
logically, AVMs are arteriovenous shunts consisting of 
feeding arteries, a mass of coiled vessels (the nidus), and 
venous sinusoid spaces and veins communicating di­
rectly without an interposed capillary network [51]. 
Usually no intervening brain tissue is found between the 
vascular loops of the malformation. However, if pa­
renchyma is present it is mostly gliotic, like the brain just 
adjacent to the AVM [36, 41]. The origin of the AVM is 
most likely ascribed to the failed differentiation of the 
embryonic vessels (arteriovenous network) into separate 
arterial and venous systems, occurring between 3 and 12 
weeks of fetal age [23, 43]. Also, AVMs lack the inner­
vation normally present in cerebral blood vessels. As a 
consequence, the blood flow is a passive process, playing 
a supportive role in their pathogenesis. In the AVM,
T. Menovsky (IS)) • J. J. van Overbeeke
Department o f  Neurosurgery, Academic Hospital Nijmegen,
St Radboud, P.O. Box 9101, NL-6500 H B  Nijmegen,
The Netherlands Tel: 31 24 361 3477, Fax: 31 24 354 1587
Clinical presentation
Haemorrhage is by far the commonest initial manifes­
tation of the lesion (50%-80%) [24, 27, 38], followed by 
seizures (12%—25%) [24, 27], or congestive cardiac fail­
ure (18%) [16, 34, 37]. Symptoms of congestive heart 
failure (cranial bruit) and hydrocephalus predominate in 
the newborn [13, 42] whilst neurological symptoms, such 
as stroke or seizures occur more commonly in infants 
and older children. Approximately 30% o f  the AVMs in 
childhood present acutely [9, 11, 14, 22]. Haemorrhage 
can also occur after trivial head trauma [40]. Seizures 
may be the warning sign of an acute haemorrhage or the 
result of the epileptogenic effect o f parenchymal depo­
sition following old haemorrhagic events. Headache is a 
symptom frequently afflicting AVM patients [26], Pro­
gressive neurological manifestations and mental deteri­
oration also occur and have been attributed to the an 
arterial steal phenomenon, determined by the sumping 
effect the AVM exerts on the intracranial circulation. 
Unruptured clinically silent AVMs can lead to mental 
retardation or slow behaviour [26].
Recent studies have shown that the average year­
ly probability of a first haemorrhage of an AVM  
is 2%-4% [10, 15, 21]. In patients with a previous
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haemorrhage, the risk of AVM rebleeding has been es­
timated to be 6%, 13% and 47% by 1, 5, and 20 years 
respectively after the initial haemorrhage [10], There is 
evidence that children with AVMs have a higher risk of 
bleeding and rebleeding than adults [4, 19]. Percentages 
of up to 25% of rebleeding within 5 years in children 
have been reported [46]. For some unclear reason, 
smaller AVMs in children have shown a higher tendency 
for bleeding [26]. Also, the younger the patient the 
greater the chance of recurrent haemorrhage from AVM 
[52]. Deep AVMs have a higher haemorrhage rate (76%) 
and also a high rebleeding risk (40%) than more su­
perficial AVMs [21]. Superficial AVMs present with 
seizures rather than haemorrhage [21]. The natural his­
tory of cerebral AVMs is not benign. The AVMs tend to 
gradually increase in size, with the subsequent risk of 
haemorrhage and ischaemia, resulting in gliosis, neuro­
logical deficit, and seizures [21].
Children have approximately 24% mortality from 
their first haemorrhage, mainly dependent on the loca­
tion of the AVM [9, 11, 14, 19]. The mortality in patients 
with an AVM in the fossa posterior is far higher than 
that of an AVM in the supratentorial space [18], The 
prognosis of brainstem AVMs is very poor. In a series of 
nine patients with confirmed AVMs in the brainstem, 
the mortality, independent of treatment, was 67% [18]. 
In these nine children, in total 17 bleedings occurred. 
The mortality associated with a second haemorrhage 
may be as high as 13% and 20% for subsequent 
haemorrhages. The morbidity and mortality associated 
with cerebral AVM in neonates is high, especially in 
neonates who present with congestive cardiac failure. 
The overall mortality is around 20% [16, 26, 37].
In summary, the cumulative mortality and morbidity 
caused by A VM in children is great due of the prolonged 
risk period.
Diagnosis
Diagnosis of cerebral AVMs is established based on CT, 
MRI, and cerebral angiography. Examination of CSF is 
only helpful in confirming a subarachnoid haemorrhage. 
Also an EEG is not specific and shows abnormalities 
only in less than 50% [24]. Cerebral CT scanning is a 
first diagnostic tool readily identifying the presence of 
blood after the haemorrhage has taken place. After the 
administration of intravenous contrast, the AVM nidus 
and its large serpentine afferent and efferent vessels are 
usually identified. Smaller AVM may, however, be 
missed.
MRI is of utmost relevance in the anatomical char­
acterisation of the AVM. Flow-void signs correspond to 
areas of the AVM nidus and its feeding and draining 
vessels. Different stages o f haemorrhage as well as foci of 
encephalomalacia can be recognised. MRI is very useful 
when planning surgical treatment. It provides the best 
three dimensional topographic representation of the 
AVM in the surrounding brain and its relation to the
cortical and ventricular surfaces. MRI and magnetic 
resonance angiography (MRA) is also used to evaluate 
the AVM obliteration after surgery, endovascular em­
bolization, and/or radiosurgery. In neonates, AVMs can 
be demonstrated by ultrasound imaging in combination 
with colour Doppler.
Finally, angiography is the best diagnostic option for 
the vascular anatomy of an AVM as it has a very high 
specificity [24]. The goals of angiography include dem­
onstration o f the location and nature of the AVM nidus, 
the arterial supply, the number and location of draining 
veins, and the drainage of the normal brain. Most 
AVMs are promptly diagnosed using the described 
investigations. Differential diagnosis of AVMs include 
cavernous and venous malformations as well as tel­
angiectasia.
Treatment
Because of the high mortality associated with the natural 
history of AVMs in children, the aim of therapy of 
AVMs is the complete removal of the vascular malfor­
mation. Although conservative management has been 
suggested for selected non-haemorrhagic AVMs, essen­
tially all children with an AVM should be treated in 
order to eliminate the risk of haemorrhage.
Therapeutic intervention in the acute period after 
haemorrhage may involve craniotomy for evacuation of 
a haematoma and treatment of increased intracranial 
pressure by external ventricular drain. Control of sei­
zures and congestive heart failure may take priority and 
allow time to plan the elective procedures of further 
treatment of the AVM, including surgery, endovascular 
embolization, radiosurgery, or a combination of these 
modalities.
Surgery
Analysis of the results of the various forms of treatment 
indicates that total microsurgical removal provides the 
best safeguard against future haemorrhage [2, 4, 8, 9, 1.1,
12, 17, 18, 22, 24, 25, 28-30, 33-35, 38, 49, 53, 56] 
(Table 1). Therefore all cerebral AVM in children 
should be excised whenever possible, because the risk of 
rebleeding is eliminated immediately. With surgery, the 
patient faces the risk entirely alone and is not subjected 
to a latency period (between treatment and obliteration 
period). For example, radiosurgery requires between 
4 months and 3 years to achieve complete obliteration of 
the AVM [1, 7, 44, 55].
Decision making in the surgical treatment of cerebral 
AVMs should take into accounts the location and size of 
the malformation. Deeply seated AVMs with no cortical 
presentation or those surfacing on the medial aspect of 
the hemisphere represent ail increased surgical challenge 
because of the more difficult access. The function of the 
affected brain area is another important factor. Certain
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Table 1 Results of microsurgery for cerebral AVMs in childhood
Author No. of 
Cases
Age (years) 
(range)
Location Outcome Mortality
Long et al. [33] 8 0-5 Supratentorial AVMs No neurological deficit 25% (due to 
cardiac arrest)
Kelly et al. [24] 2 < 1 Supratentorial AVMs Very good, no neurological 
deficit
0%
17 1-20 Supratentorial and 
infra ten to rial AVMs
Very good (n — 12), minor 
deficit (n =  4, already 
preexsistent)
6%
Am ache r et al. [2] 20 < 18 Supratentorial and 
in fra ten to rial AVMs
75% no neurological deficit 0%
Mori et al. [38] 18 0-15 Supratentorial and 
infratentorial AVMs
Normal (n — 4), slight 
neurological deficit (n =  3), 
moderate neurological deficit 
(n ~  2), poor {n =  3)
22%
Laine et al. [28] 20 <20 Supratentorial and 
infratentorial AVMs
60% normal, 20% disabled 20%
Ge.rosa et al. [12] 38 2-16 Supratentorial and 
infratentorial AVMs
Good (n =  22), fair (n =  9), 
total excision in 23 patients
8%
Mazza et al. [35] 18 < 16 Supratentorial and 
infratentorial AVMs
83% normal, 6% disabled 11%
Humphreys et al. [18] 3 10-13 Brainstem AVMs Very good, neurological deficit 
in 1 patient
0%
Celli et al. [4] 11 9-15 Supratentorial and 
infratentorial AVMs
Excellent (n =  4), good (n =  3), 
fair (n =  1), poor (n =  2)
0%
Humphreys [17] 72 < 17 Supratentorial and 
infratentorial AVMs
60% no neurological deficit, 
32% neurological deficit, total 
excision in 54 patients
8%
Eiras et al. [8] 15 0-16 Supratentorial and 
infratentorial AVMs
Normal (n — 9), abnormal 
(n =  2), total excision in 
12 patients
0%
Garza-Mercado et al. [11] 12 9-18 Supratentorial and 
infratentorial AVMs
Neurological deficit (n =  5), 
incomplete excision in 3 patients
25%
Yasargil [56] 60 <18 Supratentorial and 
infratentorial AVMs
90% normal 0%
Fong and Chan [9] 27 0-16 Supratentorial and 
infratentorial AVMs
85% neurological, normal 4%
Kahl et al. [22] 33 1-16 Supratentorial and 
infratentorial AVMs
No worsening of neurological 
signs, complete excision in 
31 patients
3%
Suarez and Viano [49] 10 <15 Supratentorial and 
infratentorial AVMs
70% neurological, normal 30%
Lapras et al. [29] 62 <15 Supratentorial and 
infratentorial AVMs
42% normal, 40% neurological 
deficit
10%
Malik et al. [31] 27 0-18 Supratentorial and 
infratentorial AVMs
Excellent (n = 17), good (n =  6), 
fair Qi = 2 ,  conform 
pre-operative status)
7%
Kondziolka et al. [25] 97 0-18 Supratentorial and 
infratentorial AVMs
Normal neurological outcome 
in 70%, seizure control in 73%
5%
U et al. [53] 2 12-14 Deep periventricular
AVMs
Good-excellent 0%
Lasjaunias et al. [30] 8 <15 Supratentorial and 
infratentorial AVMs
Moderate neurological 
deficit (n — 2)
0%
intrinsic AVMs involving the brainstem, thalamus, and 
striatocapsular regions may be unresectable due to the 
risk of surgical approach and the function o f  the em­
bedding territory.
Nevertheless, complete AVM resection can be 
achieved in 60% of the cases and more than 85% of the* 
children with microsurgical removal of AVM have an 
excellent or good result (Table 1). These percentages are 
overall results, as neurosurgical treatment is performed 
at different locations and, depending on the experience 
with AVMs, at different levels, this in contrary with
embolization or radiosurgery centres, Mortality rates of 
surgical treatment and reported to be between 0% and 
10%, with a mean of 3%. In recent years, pre-operative 
embolizations following surgery has enabled the surgical 
treatment of more difficult lesions [5, 30, 31, 39, 53].
Complications following surgery may be immediate 
or delayed. Immediate complications may occur during 
surgery in the form of an intraoperative bleeding, which 
of course can be fatal. Prolonged deep hypotension is 
often necessary to control the haemorrhage [37]. Delayed 
complications may occur in the postoperative period as a
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consequence o f the altered haemodynamics in the brain 
after removal of an AVM. Severe protracted swelling 
after surgery accompanied by diffuse haemorrhage or 
focal haemorrhage in the parenchyma immediately ad­
jacent to the area of resection is not uncommon. These 
changes, known as the perfusion pressure breakthrough 
phenomenon, are attributed to the sudden haemody- 
namic burden the excision of the AVM exerts on 
chronically vasodilated arterial territories lacking auto- 
regulation [47]. Neurological deterioration usually be­
comes manifest in the early postoperative period.
In order to allow the cerebral circulation to adapt 
slowly but progressively to the flow and pressure chan­
ges induced by the AVM resection, both staged em­
bolization and surgical resection have been advocated 
[7, 30, 31, 53].
Endovascular embolization
Interventional neurovascular techniques are used with 
increasing success and safety in the treatment of cerebral 
AVMs [30, 31]. The role of interventional neuroradiol­
ogy is multiple: pre-operative, pre-radiosurgery, pallia­
tive and curative [30, 31]. The main application is still 
pre-operative, by occluding AVM-feeders that are sur­
gically difficult or inaccessible, decreasing the size of the 
nidus, diminishing intranidal pressure and occluding 
dura! feeders. An effective embolization helps the sur­
geon to carry out the definitive excision of the AVM.
For AVMs located deep in the brain or in critical 
areas of brain function, endovascular embolization of­
fers the best primary treatment. Embolization as the 
primary treatment offers between 70% and 90% ana­
tomical cure [30], while 55%~~65% of the patients are 
neurologically intact [30]. The mortality is between 5% 
and 10%. Both the mortality and morbidity percentages 
are influenced by the usually late referral and the poor 
neurological condition o f these difficult cases. The most 
AVMs treated by embolization alone are excluded from 
surgical treatment dtie to their difficult location.
Radiosurgery
Radiosurgical obliteration of the AVMs using the 
gamma knife offers a safe and effective alternative for 
treatment of inoperable AVMs [1, 44, 54, 55] (Table 2).
It is a single-session procedure using stereotactic tar­
geting of ionizing radiation to destroy the AVM nidus 
with theoretically no damage to the surrounding healthy 
tissue. The advantage of this therapy is its non-invasive 
character and the possibility to apply this technique to 
very young children without the adverse effects of ex­
ternal radiotherapy on neurocognitive development [3].
Complete occlusion of the nidus can be obtained in 
50%-74% of the paediatric group 1 year after, and in 
85%—95% 2 years after the start of the treatment [1, 44,
48, 54, 55]. Neurological complications related to de­
layed radiation injury of the brain are around 3%
[25, 48], Until now, radiosurgery seems an useful and 
safe form of treatment for a selected group of AVMs 
which are small (<  30 mm) and inoperable. However, 
success of radiosurgical treatment of AVMs can only be 
claimed after several months and when complete ab­
sence of the AVM is angiographically demonstrated 
over several years. Because of its recent introduction, , 
long-term effects of radiosurgery are still not completely 
known, especially in childhood. Recent study did not 
show any neurological, cognitive, memory, or attention 
deficits up to 6 years after stereotactic radiosurgery in 
eight children [44]. Similarly to embolization, radiosur­
gery is performed in centres with very high experience. 
Even these centres have mortality rates to 2.5%. Mor­
bidity rates varies between 5% and 15% (Table 2).
The results of a multimodality treatment for cerebral 
AVMs in childhood are presented in Table 3. It must be 
stated that these results are reported by extreme expe­
rienced centres with a high selection of difficult to treat 
cerebral AVMs [1, 5, 30-32, 39, 53].
Discussion
Because an AVM diagnosed in childhood presents an 
unacceptable calculated lifetime risk of haemorrhage, 
progressive neurological deficits, and seizures, surgery is 
warranted when the AVM is located in an accessible 
area of the brain. AVMs located deep in the brain or in 
critical areas of brain function are not amenable to 
surgical removal without a significant risk of neurolog­
ical morbidity. For these case, other treatment options 
are available such as stereotactic gamma knife radio­
surgery, and endovascular embolization. Such a treat­
ment requires a large multidisciplinary team to allow the 
most suitable and effective treatment in any situation. As
Table 2 Results o f  stereotactic
radiosurgery for cerebral Author No. of Age (years) Location Outcome Mortality
AVMs in childhood Cases (range)
Yamamoto et al. [54] 9 9-16 Supra-and  Complete obliteration 0%
infratentorial in 6 patients after
AVMs 6 years
Riva et al. [44] 8 9-18 Supra- and Very good, no 0%
infratentorial neuropsychological
AVMs deficit
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Table 3 Results of endovascular and/or multimodality treatment for cerebral AVMs in childhood (VAGM  vein of Galen malformations)
Author No. of 
Cases
Age (years) 
(range)
Location Treatment
combination
Outcome Mortality
Altschuler et al. [1] 18 3-18 Supra- and 
infratentorial AVMs
Radiosurgery and 
microsurgery
83% no neurological 
deficit, 0% rebleed
0%
Loeffier et al. [32] 5 < 15 Supra- and 
infratentorial AVMs
Radiosurgery and 
microsurgery
40% no neurological 
deficit
0%
Colombo [5] 24 <15 Supra- and 
infratentorial AVMs
Radiosurgery and 
microsurgery
54% no neurological 
deficit
0%
Nelson et al. [39] 11 <19 Supra- and 
infratentorial AVMs
Microsurgery, 
embolization, or 
combined
64% neurologically
normal
9%
U [53] 2 12-14 Deep periventricular
AVMs
Embolization and 
microsurgery
Good-excellent, 
unchanged, neurological 
condition
0%
Lasjaunias et al. [30] 87 < 15 Subpial AVMs 
{n =  36)
Embolization, 
microsurgery, or
74% anatomical cure, 
56%) neurologically
5.5%
VGAM  {n =  28) combined treatment normal 90% 10.7%
(n — 13 in subpial 
AVM)
anatomical cure, 
66% neurologically 
normal
Lawton et al. [31] 8 0.4—17 Deep-seated supra- 
and infratentorial
AVMs
Embolization, 
microsurgery, and 
radiosurgery
GOSa 1 (// =  6), 
GOS 2 {n =  2)
0%
a GOS = Glasgow Outcome Scale, 1 = normal, 2 =  slight neurological deficit
it might be expected that the treatment of AVMs is 
going to be performed by more centres, it could affect 
the outcome in a negative way,
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